The gold standard for treatment of acute cholecystitis is laparoscopic cholecystectomy. However, cholecystectomy is often not suitable for surgically unfit patients who are too frail due to various co-morbidities. As such, several less invasive endoscopic treatment modalities have been developed to control sepsis, either as a definitive treatment or as a temporizing modality until the patient is stable enough to undergo cholecystectomy at a later stage. Recent developments in endoscopic ultrasound-guided gallbladder drainage (EUS-GBD) with EUS-specific stents having lumen-apposing properties have demonstrated potential as a definitive treatment modality. Furthermore, advanced gallbladder procedures can be performed using the stents as a portal. With similar effectiveness as percutaneous transhepatic cholecystostomy and lower rates of adverse events reported in some studies, EUS-GBD has opened exciting possibilities in becoming the next best alternative in treating acute cholecystitis in surgically unfit patients. The aim of this review article is to provide a summary of the various methods of GBD with particular focus on EUS-GBD and the many new prospects it allows. Clin Endosc 2018;51:150-155
IntroDuCtIon
The gold standard for treating acute cholecystitis is laparoscopic cholecystectomy. 1 However, cholecystectomy is often not suitable for surgically unfit patients with advanced age, multiple comorbidities, or malignancies. 2 Percutaneous transhepatic cholecystostomy (PTC) is the standard method for drainage of the gallbladder in these patients. Recently, several endoscopic alternatives have been developed, and endoscopic ultrasound-guided gallbladder drainage (EUS-GBD) with the placement of lumen-apposing stents (LAMS) is gaining popularity over PTC. The aim of this review article is to give a summary on the current status in various methods of GBD with a particular focus on EUS-GBD and the many new prospects the technique allows.
PErCutanEouS tranShEPatIC CholECyStoStomy
PTC has been considered the treatment of choice for GBD in high-risk patients who cannot undergo cholecystectomy. 3, 4 With a technical success rate of 98%, a clinical success rate of 90%, and a procedural adverse event rate of 3.7%, it is also a highly effective method in relieving sepsis in acute cholecystitis in patients waiting to be reassessed for cholecystectomy. 5 However, long-term adverse events and readmissions related to the external drainage catheter such as pneumothorax, biliary peritonitis, bleeding, and premature catheter removal or dislodgement have been reported in up to 12% of cases.
an external drain.
EnDoSCoPIC GallblaDDEr DraInaGE
The gallbladder could be drained endoscopically using either the transpapillary or transmural approach. 2 In the transpapillary approach, a duodenoscope is used to cannulate the cystic duct via the common bile duct in a manner similar to endoscopic retrograde cholangiopancreatoscopy (ERCP). In the transmural approach, a fistula is first created between the gallbladder and the duodenum or the stomach with the use of EUS. A plastic or metallic stent is then inserted for GBD into the gastroduodenal lumen.
EnDoSCoPIC tranSPaPIllary GallblaDDEr DraInaGE
The development of endoscopic GBD for treating acute cholecystitis began in the 1990s with endoscopic transpapillary (ETP) naso-cholecystic drainage. 8 The use of double pigtail stents to drain the gallbladder into the duodenum has also been described. 2 ETP-GBD omits the need for an external drain and thus avoids any drain-related adverse events. It is associated with acceptable rates of technical (81%-84%) and clinical success (77%-97%), and adverse events (3%) ( Table 1) . 5, [9] [10] [11] [12] The clinical success and adverse events rates were also comparable to PTC (ETP-GBD vs. PTC = 69.8% vs. 62.5% and 8.2% vs. 4.8%, respectively). 13 To perform ETP-GBD, proficient skills in cannulation of the cystic duct are required, which may not always be conceivable. 2 Therefore, ETP-GBD may be preferred in treatment centers with a high level of expertise in ERCP in cases in which PTC is contraindicated, for example in severe coagulopathy, thrombocytopenia, or with an anatomically inaccessible position. However, similar to PTC, ETP-GBD only provides a temporary measure for controlling acute cholecystitis, with recurrent cholecystitis and biliary colic occurring in 10% of patients after a median follow up of 17 months.
14 In addition, migration of double pigtail stents after the procedure as well as additional ERCP-related complications such as bleeding, perforation, and post-ERCP pancreatitis have hindered the widespread acceptance of the technique.
13,15

EnDoSCoPIC ultraSounD-GuIDED tranSmural GallblaDDEr DraInaGE
The development of transmural EUS-GBD has opened new avenues in controlling acute cholecystitis without the need for transpapillary access, which may sometimes be A b c difficult to achieve. EUS guidance has allowed placement of transmural stents that allow drainage of the gallbladder via a transgastric or transduodenal approach (Fig. 1 ). The stent also acts as a portal to allow advanced gallbladder interventional procedures to be performed such as magnifying endoscopy, clearance of gallstones, or even polypectomy. 16, 17 Stent development has played a major role in the advancement of EUS-GBD. Previously, the lack of EUS-specific stents for transmural anastomosis hindered the technical and clinical success of EUS-GBD due to the inability to maintain tight organ apposition and prevent stent migration. The use of double pigtail catheters is associated with potential complications such as pneumoperitoneum, bile peritonitis, and stent migration. 18 Whilst the use of fully covered biliary metallic stents (FCSEMS) for GBD may reduce the risk of bile leak, the stents will not maintain apposition between two non-adherent organs for the formation of a secure fistula. They are also too long for optimal positioning and can impinge onto the surrounding organs. Stent migration may also occur for FCSEMS. 19 On the other hand, LAMS specific for EUS-guided deployment have been developed (Fig. 2) . These stents are named LAMS as they generate enough lumen apposing force (LAF) to hold two non-adherent lumens together and prevent stent migration due to their lumen-apposing properties. 20 In particular, a study has been conducted to objectively quantify lumen-apposing properties by measuring the LAF of three EUS-specific stents in four types of anastomosis. 19 The EUS-specific stents evaluated were the AXIOS (Boston Scientific, Marlborough, MA, USA), NAGI (Taewoong, Gimpo, Korea), and SPAXUS (Taewoong) stents (Fig. 1) . Each of these three types of LAMS is silicone-covered with anchoring flanges on either end that may be deployed using a deployment handle. The mean LAF produced by the AXIOS and SPAXUS stents in the cholecysto-gastric anastomosis were 2.64 N and 1.44 N respectively, which were significantly greater than 1.08 N produced by the NAGI (p<0.001). However, the strength of the LAF that defines a LAMS is still uncertain. Thereafter, the development of a cautery-tipped stent delivery system that combines the functions of a cystotome, dilator, and stent delivery catheter system (Hot AXIOS; Xlumena Inc., Mountain view, CA, USA), allowed single-step LAMS deployment, reducing the need for switching between multiple instruments, which may result in an increased risk of adverse events. 17 This new device has already been reported to be used successfully in drainage of the gallbladder and in peri-pancreatic fluid collections. 
lonG-tErm EvaluatIon oF EnDoSCoPIC ultraSounD-GuIDED GallblaDDEr DraInaGE
The potential of EUS-GBD, with placement of LAMS for the treatment of acute cholecystitis in patients who are unfit for surgery, is certainly promising. A multicenter prospective study has reported a high technical success rate of 90% and clinical success rate of 96% in 30 surgically unfit patients with acute cholecystitis. Serious adverse events were reported in 15 patients, where 4 out of 15 were stent or procedure-related and the other 11 were related to the underlying medical conditions of the patients. Two patients developed recurrent cholecystitis due to LAMS obstruction. 21 In addition, technical failures were reported in 10% and technical difficulties 21 Thus, although high rates of technical and clinical success were achieved, data from these studies also suggest that the procedure may be associated with a steep learning curve when first adopted by an institution. 21 On the other hand, whether the stents should be removed after acute cholecystitis is resolved remains uncertain. In theory, the stents could be removed once acute cholecystitis is resolved and all the gallstones have passed out of the gallbladder. However, the patients are often old and frail and they may not want to undergo a separate procedure for stent removal with permanent placement of the gallbladder stents. Multiple studies have reported the absence of adverse events arising from long-term stenting for up to three years with both self expandable metallic stents and LAMS. 5, 22, 23 Thus, permanent stenting may be a viable alternative in patients with limited life expectancy.
ComParISon bEtwEEn EnDoSCoPIC ultraSounD-GuIDED GallblaDDEr DraInaGE anD othEr trEatmEnt moDalItIES
The use of EUS-GBD as an alternative to PTC presents a number of advantages. These include the avoidance of an external catheter, the potential to clear gallstones, and reduced post-procedural pain. While sharing similar success rates, EUS-GBD is associated with fewer adverse events and readmission rates associated with using an external drainage catheter. However, given the greater technical difficulty of the procedure, a steeper learning curve should be expected.
In recent studies, EUS-GBD and PTC were comparable in technical (95%-98% vs. 99%-100%) and clinical success rates (89.8%-96% vs. 89.8%-94.9%) ( Table 2) . 5, [24] [25] [26] [27] Overall adverse events (32.2% vs. 74.6%, p<0.001) and severe adverse events (23.7% vs. 74.6%, p<0.001) were also significantly less in the EUS-GBD group as compared to the PTC group in 1 study. Adverse events arising from the PTC procedure included tube dislodgement (40%), obstruction (29%), peri-tubal leak, and wound infection (14%). Rates of unplanned readmissions were also greater in the PTC than in the EUS-GBD group (6.8% vs. 71.2%, p<0.001). 26 This was due to issues arising from external drainage catheters in PTC, which accounted for 95.2% of readmissions. A reduced rate of recurrent acute cholecystitis in EUS-GBD has also been reported in comparison to PTC (0% vs. 6.8%, p=0.12) as LAMS placement allows complete gallstone removal by baskets, mechanical, or laser lithotripsy. 27 Hence, the outcomes of the above studies support EUS-GBD as the modality of choice in treatment of acute cholecystitis in patients who are unfit for surgery.
DIaGnoStIC anD thEraPEutIC GallblaDDEr IntErvEntIonS aFtEr EnDoSCoPIC ultraSounD-GuIDED GallblaDDEr DraInaGE wIth lumEn-aPPoSInG mEtal StEntS
The potential for advanced endoscopic assessment and interventions using LAMS as a portal to the gallbladder has been explored recently. 27 Conventionally, the gallbladder is Most patients who underwent PTC received one repeat intervention after the initial procedure. difficult to assess using the endoscope. However, the large diameter LAMS allow easy access of the endoscope into the gallbladder, providing new opportunities for endoscopic treatment of gallbladder diseases after EUS-GBD (Fig. 3) . In a retrospective study, per-oral cholecystoscopy was performed routinely 1 to 3 months after LAMS placement. Spontaneous passage of gallstones was observed in 56% of the patients. In 3 patients, the remaining gallstones could also be removed with the use of irrigation, suction, basket (Olympus Medical, Tokyo, Japan), and a Roth net (US Endoscopy, Mentor, OH, USA), whilst another 3 patients with larger stones required the use of holmium laser lithotripsy (VersaPulse PowerSuite; UHS, Minneapolis, MN, USA). Overall, 88% of the patients achieved complete stone clearance.
In addition, a variety of image-enhanced modalities for mucosal evaluation of the gallbladder have been performed. Magnifying endoscopy was performed in 10 patients; it showed features suggestive of inflammation, which was subsequently confirmed to be acute-on-chronic or chronic inflammation on endoscopic biopsy. In one patient, magnifying endoscopy revealed a polypoid growth with irregular mucosal glands and a corkscrew microvasculature appearance highly suspicious of malignancy, which was not noted on computed tomography performed before EUS-GBD. 28 Confocal laser endomicroscopy was also used to assess the lesion, which demonstrated epithelial structures with thick dark bands or dark clumps. 28, 29 Biopsy was taken and confirmed adenocarcinoma of the gallbladder. Furthermore, polyps discovered in 1 patient were removed by polypectomy with a snare (Olympus Medical) during the same cholecystoscopy session.
ConCluSIonS
In conclusion, EUS-GBD with the placement of LAMS may replace PTC as the treatment of choice in surgically unfit patients with acute cholecystitis. The technique has opened new opportunities for managing gallbladder diseases endoscopically. Future studies will need to address the optimal duration of stenting, the need for gallstone removal after stenting, and whether EUS-GBD will make subsequent cholecystectomy more difficult. Studies are also required to further evaluate the role of EUS-GBD as a definitive management of acute cholecystitis.
